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Abstract of JP1 1329734 

PROBLEM TO BE SOLVED: To provide a white organic electroluminescent element having high 
luminous efficiency and improved stability. SOLUTION: This light emitting element comprises at least: 
a hole transport layer sandwiched between a positive electrode and a negative electrode, a light 
emitting layer, and a hole blocking layer on a substrate, wherein the light emitting layer contains an 
aromatic amine compound having a maximum fluorescence wavelength in a range of 400 to 500 nm, 
the ionization potential of the hole transport layer is larger than that of the light emitting layer by 0.1 eV 
or more, the ionization potential, of the hole blocking layer is larger than that of the light emitting layer 
by 0.2 eV or more, and at least the light emitting layer contains a fluorochrome whose maximum 
fluorescent wavelength is in a range of 550 to 650 nm. 



Report a data error here 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP1 1 329734&F=0 



2007/12/26 



(,mn*w#m- u p> (12) & ffl Jf^ fft £; ^ (a) unw/Hmmm** 

1-329734 

(43)&S!B ¥fSll¥ (1999)1 1 A30B 



(51) IntCI. 6 




F I 




H0 5B 33/14 




H0 5B 33/14 B 


C0 9K 11/06 


6 2 0 


C0 9K 11/06 6 2 0 


H 0 5 B 33/22 




H0 5B 33/22 B 

C 








mim<»*. 7 OL (£22fi) 




W«¥10- 139509 


mmmA 


000005968 










(22)m*B 


^10^(1998) 5/§21B 




JfcK*=F«BBKArort-TH 5 # 2 






(72)«9!# 


em mt 


(31)*$fc*£*«** 


»H¥10-57888 




»*;iiWr«^m**KW*ffi»riooo»* 


(32)*ftB 


^10(1998) 3^100 






(33) 


B* (J P) 


(72) mm 


flUfr 








#*jii*«&m**KW*B3»nooo#je 














(74)ft«A 





(54) 



(57) [igtt] 

[ AH ] * 't 4; i > ft < . H o '« ;m J >|6l L: L 1 ! £ 
< i'tfe'tti ^ ■% f- *> o 'C . i:t «:tWji4 0 0-5 0 0 

n m«15M::at JfcW ff-f* >j ,*r**r vfcftft 
4r 3 U - . -f +> ft* > >• x « 

-t > ft* ; r > > v i 0 . 1 e \X; I: * J < , E 

v- > > A" ^ t »J 0 . 2 c V;7. h ^* < . •jz-.-'c < > ft 
ViliiiitH' 'c,'5k.'/> 5 5 0 - 6 5 i) 11 mv-;-i-aWic*)^'i6 



-2) 



ti'Ml'i- 1 1 - 3 2 'J 7 4 



5 0 0 



: ; : >uh: V : , % v. vi l i: r< ii-:-"Ul J: W < 

■•> i -i-^ '2-; > v vi, o . l e v;i |-. ; ( y. 
Vt • < t> '!:.!• •> v '^fe:tW^ -f +> it: -"J" 
t n. 2eV;L-.^i<, >•■*«:< b <c a: 

W» F.d Vixt (I) (II) t^h^no^^r 



>-t ; :^^ i<i>L , A v 'fcC-Ar" It, ft-'-te^L 
\*\ : v r<-7^y;-;fi ''T^ '^(V'lfLMa': 

:t 'IV) ■^•-1^.uo'f>Ki!!l^ Knii?*jS;A (V» 4r J/ 
lit 3 



Ar 3 



N— X— N 



(I) 



Ar 2 



L . X'WAr'.'il'LAr' cO^'Wi < J: • -oil, 
A-? A/ 6 



(II) 



Ar 8 



Ar 6 

-O-Ar 7 (|||a) 




M-L 



(III) 



20 

^ay'/gr, T/U-V/^^, 7'7yU^-/Uft, 7'^-^ 

^<L, LiiTdE-*^: (ilia) . (i rib) xii, nn 

30 c) iJOi^i'iid^lESr-R^-^) 
[ft 4] 



9 

-O-C-Ar 3 (Hlb) -O-Z-Ar 10 (lllc) 

Ar 11 



-r/!'2 T'^-r ^ Ll\ ^^*rK/:^ft^ttXIt>/, f fK4iA-s- 



M-O-M. 





(IV) 



•I -V- >i : ■, - v a - ^ ; J '** * v £ , V : .. ft 

<*V,'V ft L Tl •■: * : . . fc ; S'tt, ift^-Wil :»*-: 

[<J6] 

N-N 

-< N >- (V) 

I 

Ar^ 3 Ar 16 

p=CH- A r ,2 -CH=c( ( Vl ) 
Ar 14 Ar 16 

uOK Ar" it. ft*, WlftKSrfft-Ci^-Ct V". 
i 1 fc • i: * « i -r * £ ;fcJW I ft ^ L 4 <r> i^fh : 

^•E^^Pfcawajt* p. 

[nS*^ 6 ] iE lh « oo gS51* d» . 0 . 5 - 3 0 n m 
[OOOl] 

F I & « )t . *: Mi 'A T' * , t it 'A: £ ft ,i i [«] . L L T l * 5 ) t , 
-7 -> . y k /n f> 'U • v" / X "7 U /L ^ i?7- 

£ if! -*4i c 
[ 0 0 0 2] 

L - : ; 1 , M f I W ^ II - V I ft f C .> ft f £ '? ft 5Zn 
S, I'aS, SrS'?,*, % £'* J 'k"?.fc 3 M n Vtf- f. tu 
iKu ( C c % T b , Sm*$> * — 7 L ■ 

i *- . 

1 ) < rc[:V}'/' S 1 3 0 - 1 0 0 o II z ) s 

2 ) ^.*':il«: ; t:;> ;'.V, * i-20 OV) % 
3) v v-/fc;.'/\H« ^VilfV&) , 



i 

[0 0 0 3] L;->L, , \.;:ti\m^^&&^1i>/K 

.■^ WiK » * ■/£ rfl -r ? !*M lAppl. Phys. L c 
t t . , 5 1 9 13 t'l, 19 8 7 i>) II t »; , vt;^ 

^ yt yy£<n * > ^ t< n ^ o - tfi. »ix.:-t\ 

:i ( J . A p p 1 . Phys. , 6 5 ft, 3 610 

ft\ i9 8 9¥) ^jta^^itnii^jtiKfi:^ 
[0 0 0 4] ±fi^*4t/ctt»-f Wft*ffl^fc«ff«*# 

> t ^ U >') (Nature, 3 4 7 $, 5 3 9 ft", 1 
20 9 9 0« , rK y r 2-n^-/-5- (2 -m-f /l^ 
^•>/U-t^r">) -1, 4 -^_tl:-U> t'^ U>] (Ap 
pi. Phys. Lett., 58ft, 1 9 8 2 H, I 
991^ fill) , ^ U !3-7^-^/Uft7x» (J 
pn. J . Appl. Phys, 3 0ft, LI 938 
fi, 1991« 

^ 5£ ft WW i m ^F-^t* 4- ^ ;> L /"I ^ f- (J^ffl^ff, 
6 1ft. 1 0 4 4 fi, 1 9 9 2^ : 0 cnWJgtfr^ii-Ct^ 

30 [0 0 0 5] 

-f^fz^i-IL -T.oo').V?i;^^x. biiti^j, -oil, 
f 'r fe<rcjtSr*#3-£o-> -C- -J ft" ft ^ -r 5r 
^fti^ir It, a^^*^^ftWffi.:,t5*ft«tft^ 

ffll Vi£t'^»o iPr oc, 15th Int. D i 
splay Research Confcrcnc 
e, 2 6 9fi, 1 9 9 5^J . U o -Of*. &fe*)t;'j^ 

10 -tti A'^"?*>^ i**|3B? 7 - 14 2 1 6 9 

[ 0 0 0 6] fffe** rirt 2&^^^iti- 

r_n E-^i r^b, fVCl^.U;- f';:!«]LtrtRlW«|i.5 i 
o o c d / m " t- , s o o o i: V "W r) /f itt fj gj i^ir; 1 ^ 

; 5 rj » M n o r g a n i c and Organic ]\ 
loot r o 1 u m i n e s c e n c c / R L 96 
Berlin, e d . R . H . M a u c h and 
II. E , G u m I i c h , p . 9 5 , \V i s s e n s c 
fiO haft vi n d T e e h n i k V e r 1 a g , 



Be r I in, 1 ic;t i : f*;: t '3 ^ ^'S-fc ^il ; o "l!- 1 !] 

loot)?] ^ a . r ; nfe O'fe'.t: ft <e ^ r . r > - ~ f 

«Tt-.. ■ Ti 5 5 v& 'Mftffl* i : -I: V-ff: JS ,«i ir,*;--K : % ffi 
1:, 19p-H-f> s 9 9 2 t'u 19 9 4 4- , ft' 5 [»] 

'^■\ir:?\ l /i'-:-'/'i\i»&&^»$rt \-Uh%, 2 * p-v-7, 

1028 'L 1 9 9 5*1-) H&te^.-'i-t-'rji, 
£ ; A :H^:»J, irfcfiir ' x y u Y /< -v 9 y << 

* it K*> T t/.T n&^^j; 

*t l ■■: i-t , « * o tt ft ■ ^ fe *i i ^ . 

[ o oo8] a a ^ )t & it.'Si" o tf> ; w , in t m 

i Vtm F- 6 - 2 0 7 1 7 0 ; M F 7-14216 

1*3 " ti'J; *)SSicSfedM*on^^ (Appl. p 

h v s . Lett. , 6 4 8 l 5 ft", l 9 9 4 

a 4' s s < « '5 £ ft a * * ffl i ~ i * if i ^ a s % « r* *> 6 , (6 

JB $ " I" 3 ' > T* , IS <n «: 4- ^ x 3 i: # "» i:[fi*T'*)5 
[0 0 0 9 ] hi£60^|^ afefcjt*- rdijL-cet, tli 

o i t ^^frfi , f*u;i\ ^x.Wii^WT-, §. 

o % 1fcfc.!M;*itt<, £lfeW&-r*Ui|fi;*!:< < % l,io 
* , , ««*sb V ; r '& £ tttt^fc ft b K^^j * % w n * 

[0010] 

ttii W . «c ;t M 'i iF>LHl W ■/) f > y (::-;^ > > v /, 
[ooi 1 ] 

[uT.Vtj'>;tVi J iti.^-o":^^> r-i^l Kl-Js U^\>^'%tilt, 

!'• :;->-> :, ^feiMiU 0 0^ 5 0 0 n nw'iuifli:^ ^0 



tVi'l 'i-t I - 2 9 7 'A 4 
>> -\- ^ £ 0. 1 c va [-. K v y < , .Hf^liikVi-'; ft 

0. 2cv-i:^(, ^r: 1 :-^^;^^^ 

t: :i» 5 5 0 - 6 o 0 n m - ; 4UL«! i 1 ; 3 ^£ 't ?: ^ f f "5 
[0012] 

( 1 rfi ^ b n * -ttiito f f Be* ^ >t * r <r> m ifi *: «i ^ 
^j;:^tWriip]-:-.-h^ , irtWfe, 2 rtF^Hs. 4i-tii->L 

j^, 'J xxf t 'J > ^ * 'J t 'J * — 

t , % IS *: id » L fc ^ 5rv ( ' J: V ft fife v£ # « -7- ^ ; « ft 

[0 0 1 3] SR 1 J:{l{i:ft«2^tf Wife 
2 I ± E +1 (ft iS If - E a A cO ft S: 3J £ i , ^ "C 

t7x» , itijt £ n-/K ^ y r ■:- y yr r (/y^m:Mi 

hmMXMl hic,lf«S:^iL^o, tEfig 1 bi'^'^tt 
ffl^ + *^jLTFiS2^K^^ ' W.r?r^^ (A P 
pi. Phys. Lett., 80S", 2711 t"{, l 

9 9 2m-) ^*2;^ J ^^n':M.Wl-:'^K-^: 

0 0 n m, 4f E L < t 1 0 - 5 0 0 n m VI '% ['? N 

"1, l;„L/>Ktt?2^ l^i^^^^vliM^rWWt 



[on 1 4] -ijfci 2 h;::tit;'LtA : i »i A 7\,ir ;>r_ 
o t! "-'LW^w-.'^-fn.i^.R- -r-*i ; : '<7t- ^ i -:;t, :n»* 

,7 .r.Lii ■ . !!.- \ \\\-\ ivrz.\ : .^^^) 

o ^).:.;t, f -•*-> > > \- 3 , »f 

i) i ,;, t hi ii i ; .: >c l i - < ^ r. h .; ; «■ * 5 J i * h£</>-- 

[o 0 15] :7)ti ^CiE-fHS'iii^t-r !r L "Tl'-t, <*Jx. 

if, 1 , 1 - tf X ( 4 - x - p - h ',' r ^ / 7 x 
'H > > r.'.^-M-^^Cg ■.^>7^^'"^; > 
L X : fi=&xT S Wfc-frtt i^HHD3.1 9 -1 9 4 3 9 3 
y-i^S) . 4, A' -tfx [N — i I --j-^-^'U) -N 
-v.r-/L7;y) f7j.n/u-?fV:iiJii^ "".WW L</> 

(:R«Lt»SRr ^: > (fSfWf-5 - 2 3 4 6 3 1 
Hi) , h 'J 7.x ~ ;u-<>if 9 — ><—'* V 

3, 7 7 4 y-e>]ae»lf) , N, N' -yV^^-N, 
N' -fcTx (3-^f/P7x^t) t'"7jr-/l,-4 ) 
4' ~yT;>^)^R>7;> r*|y*WF*B4. 7 
6 4, H 2 5 *>»I*B*) . ft+Wtkl'CkimiUttt 

fj^v h m vj-.r/ s >mm*- mmr-A -12927 

&l fiffc^ft l»BB¥4 - 1 7 5 3 9 5 , ^ 

c > (»nH-p4 - 2 6 4 1 8 9 % X'/- 'J 

£fl to«y7;> - 2 9 0 8 5 1 y-& 

<tfWH-4 - 3 0 4 4 6 6 ^^») % * — — 
X h 'fi £ ftft- h ! I 7 ; > l ftffl f- 4 - 3 0 8 6 8 8 
jfl) , -O-^/U^ai^'UftOft l?J|IH1'"4-3fi4 1 5 

.tti'flv- 5 - 2 5 4 7 3 y-fctfi) . h r i 

i^ffHIt- 5 - 2 3 9 4 5 5 >/i>*H) % ^/fiytr 
; / KVi-i '**BB-"P5 - 3 2 0 6 3 4 v^&> , 
N , N. N- !-J y^^-'lT i >frPW: 'WiB'PB - 1 

■•' ; VtW'V- 7 - i 3 8 5 6 2 y-^ffi- % >">' £ ' 7 
.r. 'l '■■ x ^> N 'J > «^ ^ ft- ' t'j |if] 'f ■ 7 - 2 5 2 4 7 
\ »/i:rfi) , /vfXt^ (^i-;n«VVi4. 9 5 0. 
9 5 0 y^^], f r- , >V^^>^ftl^ <t-Wn!f-6-4 9 
0 7 9'y^H^ , ^X7t;>^ iM!l : 6-25 
6 5 9 , -A--h:'/ y K> (L;M a J^^ TMM';iio 



(5) rr"'9i - 1 1 - 3 2 V> 7 3 4 

s 

[0 0 16] •'fti>^r;^[-, il-flttiiW^^'f^- 
L "T, :r ; : - - - */— 'L--< J r^ !/ > v >• i A p p 
I. Phys. Lc t I. , 5 9 2 7 6 0 1 9 
9 1 V 1 , ; - : " y -\- -< 7 -'!:'> t*VP4! f- 5 - 3 1 0 9 4 
9 y-l:S) , i ; ^ *«!^1-5 - 3 10 9 4 9 v:c 
»i» , .1- V - v }> K v x ^ 'U 7' $ > avi'H I"- 7 - 5 3 
9 5 3 yic . 7 i - ;u -v' ? > ftft ^ frt-o ^ ;/ 
r < ttlW v- 4 - 1 3 3 0 6 5 yr'^W , i^Vx r- >u 
^ > ^A'.'i'r y - f - ✓ > ^^-riSi^ L r iSynt h 

10 e t i c Metals, 55-57^. 416 3 ft. 

1 9 9 3 ^) , ?SR v ;>4afft5 ( ti;y';>'i;'/ 

- S ' J . Poly m. 5 c i . . Pol v m. C h c 
m. Ed. . 2 1 9 6 9ft, 1 9 8 3 TO ^Jifc/X 

[0 0 17] h^r^iilfa&ttn^mft&^HXtt 2^.^ 

S4^M+q ^ftiii^^ftii, iEJUfiiSWrf* -M 

7'jl/-K ;f7J ^^-7-/U^^^(f f)h5 f /^Y^'/- 
WJiltiBftl 1^*1 > t jF.?L»«i**rfi:T ^ 

[0 0 18] rt'3:.Sffifc^»-&UJ±, Efl.tti£frH4£ft 

( : ^ ia i n t ^ ^*i:ah, w if » »rt ^ a ^ 

30 ^otg^ttl h^««2i:UE-fL«J5S-«4S:ff? 
Bt$*3., iHfl.«i£-«4S:»5fi£-r5»&, fi^, r^-t 

^teJK* (?*W'P4 - 3 2 0 4 8 4 y-^ffi) . 7:r. 

2 9 5 3 6 1 y-ljffl) , 77-^1 (1$PH 'P 5 - 3 3 
1 4 5 8 y-iH*) ?^10 M -10 eft?'o^j«/t'C- K" 
7LT, -7 !: - *-r !/' ^ LT^)F.?L'r'tiiit^-^<5 1 l : 

4 o')1fiS^.'*t» ii $\ 1 0 -3 0 0 nm, 4/ t L C it 
40 3 0 -1 OOnm^o. C^tSi-^^Sf* -tt;cf;ijic 

[0 0 1 9] ;ii«i2 i :Ei»L#BiiM4^=3> V S^is',] 1- 

rf3;Mitai:, FB^<-/7-vj 3 

; t i - 1- ^- ^ ii ^ . PS(ii/<77TMi:iijo r, ii o m 
H^SoRSi-.v^'T-.r -7::t, FBffii^^>^^ Nr:» t 

-Y t> ; ( ^t- > > -v 'U^K< Wtt?/ J .»0-^»I : .>Lii-.A^ 
")0 i\ : .iimh l %tfk5i.*zk/j*'fifrji\Z). ~ 



/■iii^'i;: L:i'.;!' v -•' / "J 7 " 

i: > !L.i*rV5 ^'r» { !::.3 r H :j - 2 9 5 6 i) 5 vi': 

ffi, % t^v ! > '!'';> 

3 2 0 4 S 3 'J. 2:K< , t i?f^.''X--^SV>V ; 

i^!^' : -4 - 2 2 0 9 9 5 'J-^ft) , p - ■■ 9 
r > ;* V >i l| — N , N - > - p- h ! Jtr^ij> i ft 
iN : 3 — l l i 4 s 5 l 'jL: H . * v j >> t'-- u- 

> ! J — p — v r-- ^ > r: ^ > . ft ft! \ ; 4—1 4 5 
I 9 2 v^H ■ , * r n l T 7 » A p p 1 . Phys. 10 
Lett. . 64$. 1 2 4 5 ff, 1 9 9 4 
'>fi'*ffct>tt*?\ x - •/ ^ • (fWWf-S-3 

15 7 3 y-i^nii "^-fxjgftft, 

Jrtif.'7 : Pa(*i* i>.*i*£. 2 7 a - S V - 9 . 19 9 6 
[0 0 2 0] h,iIP6tti'< y 7 r WW i' L T X < f*HJ S 

n o f t fttt ^ L rt . * * y < ] ) > ft ftft x i ± v * c; •> 

If ^il* : 

5, 10, 15,20-7 hv7x^/t- 21H.23H-#/U7 y > 
5, 10, 15, 20-7" h v V ;t - 21H, 23H- :K/U 7v>:: 
h (II) 

5, 10, 15, 20-7" h v "7 x. - /I - 21H, 23H-#/U7 y >|f u ] 
(H) 

5. 10, 15, 20-7- h'/7i n/L-- 21H, 23H- y > ig 
Iri (ID 30 
5, 10, 15.20-^- 7x = >u- 21H,23H-*/U"7 < >/< 
ty^/A (IV) t--Vy K 

5. 10. 15, 20- -r h 7 14- t 'J >* <"U) - 21H, 23H- * -'U 

7 ■( > 

29H, 31H - V ? o -> T--> 

m in) - 7 * u ■> r - > 
(ii) ? u «>/'.-> 

-7 / f> > y ;,vf'u> 7' - > 

Kr / > 7 ^>'y"> 40 

fVI (ID 4, 4' , 4" , 4' ' ' -7- b VT^'-29H, 
31H - V 7 I; ->r- > 

[002 i J v - f> t , if-NHfiiX W ,r n] 

W ^ "^W.V-f t, iJJ7V, 3 - IDOnm, 4ft < ;t I 0 
^-5 0 n in T o 

[ 0 0 2 2 ] iK/L*r:":I>i4 7i h!:J:t^)tW5;:-i^^;^ti 



n'iilt 1 1- 3 2 9 7 3 4 
10 

2 • , \\\ $ i !. ;;. ihVLttii W r iiS : S 2 "Tti : i ^ ii 1 - .{ . 

[ 0 0 2 3 ] ^:rt, 

^•S)tfii^-S5fi^4 0 0- 5 0 0 nnv>Otuffl;c^6)/S 
fH&#:f&\C*3\? 5 5 0- 6 5 0 nm^ 

-l o«.rj:%sf!5-*5iiic.t»), K-a-^^fife*jt 
Efe:tffi<ssi (j i s z 8 7 o i ) d-w^T.am-^o, 

fjfe*3trtE<] I P^W-?>p-f afe.S ( x = y 1 / 3 ) I' 
ipi*i:i-^Si*T*^^JiiS 9 4 0 0 - 5 0 0 n mi:.* 

tj» 5 5 0-6 5 0 nmt/)K-t> ^ffl**fe*^J|g )t 

-Cd^oO^^^iM^if % fife«H««:«fi;<tR«I^c d*« 
*jt* : f-^if^^no„ e f«|, e f' SlCOP'CU,.] 
[0 0 2 4] *«BJ]il*i^"Crt, l:^*<t$riSf-^^ 

>^^ir_Sl^/c^>o7l^ IJpn. J. Appl. Ph 
vs., 32 1.917 fl, 1 9 9 3<f : -) , «>tW^ 
-f t7fW-7>yt ^ ? .E +L & i£ W </) >f + > ft -1^ z r > > 
-V ^ .t ^ ift\ J ^o 11 ( J p n . J . Appl. Phy 
s . , 3 5S, 4 8 19 tl 1 9 9 6 ^) L?ztl#>\-s 

iS-t*€/i )7 ^ v i > i 1 1> t/J r t M t L T f f i i ft] > o 
7i^;i, iEfL<ftiiM^ < "t> ft^-' r >> -v t *J(). 1 
e V a h 'j- "f" > ft -l ; > > -V ^ ^ f f"t" O "S /t^. >V 

i f ffr/;>*'!l^o: r ;:^fli-7,ih/j " !: ^!ti L A;. 
:7;| r-«i£i: t A: r oS'.liH?-^* 3t Wiiii: t ^ i]-:>L 
;Sf5rSiA5w t i: , fe ^Mi^ vhW; >; - t t> ^ :\- •> 
S > on ^ ft< - ^ j n )t 4- Pj . r. i" i r ;* V .J h *f ; 



1 7 1 

11 

[ 0 0 2 .1] U^'l^' ii^'li^^^ ri'.ti:^ o fc; A :vi 
M't : r r -:\ .:.: Jii: <^ l ; -** > [f.frr > > - - IV] 

t !'..■] ■ -V v v. ^r^,; T « > fj"t" * I r .V^ t L 

. > ,.v, x T K ^<rt-^ o t VV S > (L.Vft r LT, v.^ 
« $ £ / r /<7 "~ ~ 'i fi f l] "? ^ * 

[ I) 0 2 6 | 
1^8] 

Ar \ / Ar3 

N— X— N (I) 

Ar* V 

[ 0 0 2 7 ] M^iil -HSlsK. i I ) M£H*-C, *fi L < ft, 

■H>«, 7x + > ht>i>L tl/>S, T^'Jy> 

'J >• 3} , t' tr 'J > : ?i m , LT ~> m n £ /f> L % iiu2fiiUfc A£ 
£ L "C It ^ n y >■ J# f ; * fvu ^ f - /u S A £ i7) 6* # ft 

- 6 3 * > # ;p - U ; / F^r > ^ h ^ > 

ft l - 6 *nr /Hi > JS ; 7x;^r vi, -< 

> ^rt^^xtt^c/r/ »J — /U-+^> ft ; yxf/r/ * / 

if, -/V V/n e 'LT ; / PV)/7/^^7 ; / K 30 
FWiiESHftRi: L Tit, fJh-tf.i L < f*, 

[ 0 0 2 8 ] A r I N L A r ' ft, 4f £ L < It, & * 

tf7.-r.:^'H£, tVf'Ut^ ryh'J'tl V-ii-f 

> |> y -u l t E % t u - 'U t' 'J > ; ^ h 'J T ■✓/US, 



trlBI'i- 1 I - ;j 2 !) 7 4 
12 

:r; ' !,C , > v v -/ : : t -t ^ / Is '> /' - y r v a- r 
i 1 v.A> 'i<')' nu.;dim& b -:;t, fv::.^- 1 1. ; ;t, 

^f^L y k,y-> V/.; 7>iLO 

[ 0 0 2 i) ] 

[Mi>] 




Ar« Ar 5 



[oo3o] fin i-iioK, vri^lSr 

tfho Ar MAr' it. 4f i L < it, it^Jl.v.L 

i^^fi, r>h'j/HE % v.r.i-vhy/u 

S s t'U^/uS, t'!i-;^|, hUTv'UJK, [r'7y'i 

LTit^U ¥>j$^ ; ^ "^^ft, ;U5^<7)^*ft X 

>>t^y.S^)7y-it^y| ; >xf^7 ^ / 

[0 0 3 l ] *«Wi-fc^Trt, Hijai-ftiC ( I ) Xrt 
(II) IC/r:-r^-7-Wlj£lw.t "J , Tg^8 5CWt 
!r -f 5 - t ^r-d , - ^«ffl+t^lfi] .hie .t U WMi-lt^ 

tfi, -r-f >ft^^>> t'^oiEiL«ii!- r H^)rnJ: ; ) 
0. h: V^bhJ^t^:^;^), tfl, 4 0 0 - 
5 0 0 nm:oKM^«c.'^:±*^?rfrl-^ «)t.W.i^idt 
T'^^. riiiJfi-ejt M) ftrjc in) -?AijSii5)S : (5 

- r- % n 0 ; 1 & * n ^ f , 00 ft ^ 1 ^ 

[ 0 0 3 2 ] 
[AH 



Ar^ Ar 3 

U — X — N 
Af* \r 4 





X 


Ar 1 


Ar* 


Ar> 


Ar* 


(1-1) 




-o 


"8 






(1-2) 








-G^CH, 




(1-3) 




-O 


H3C 

"8 i * 


H3C 

0 


(1-4) 




o 


-g.«. 






(1-5) 


oo- 


o 








(1-6) 






<b 






(1-7) 


-o-o- 


-hQhoch 3 


"8 


-Q-0CH3 


"8 



[0 0 3 3] 



[*2] 




[ o o :i 4 ) 



U-3] 




[no;i«] 



[*5] 



f-YHN t- 1 1-32 :> 7 li -4 



35-5 




N" Ar5 

Ar 6 Ar 5 





Ar 5 


Ar 6 


Y 


(11-1) 


-O 


o 


A 


(II-2) 


-o 


-o 

CH 3 




(II-3) 


o 

CH 3 


CH 3 


i 


(M-4) 






t 


(H-5) 


o 


^8 




(II-6) 


o 






(H-7) 


o 




i 


(II-8) 


o 


o 


A 


(II-9) 


o 


o 

CH 3 




(11-10) 


o 




A 


(11-11) 


o 




A 



[0037] -iu'i^ft:>ft;t. ifittT-Wi^Titji^ 

■IK m i ± & )t til £ ^ ;C '4 , h > & : o ^ i * ;R £ iE Pfl * G 
U fflA'i: 1 0 »R 'A^oH [ ; T!vj. ftfee/Vat ^ 

+ V i: > t # 'fl ft- i Vr ,l M 3 5 0 8 7 vie ft) , 

'-'M K>^'5ft 'tV'«l v-4 - 3 2 0 4 8 5 , 

( ttffl T : 5 - 2 2 2 :i li 2 o i^fM) , DCMM iftFWI 



:Jp J 6 3 - 2 6 4 6 9 2 , u-'/;>^^, 

ffr 8 1 7 2 vWtE&) % 7 X 

> > DC J &^ iChem. F u n c t . Dyes, P 
roc. Int. Symp. , 2nd 1992 ¥, 5 

3 H ft*) , -i^ y> f v K^'v- u >.m^^, j /;^(f 

o Titt^&Jf i5.u;;fci^: h 

t u r if 7/ ^ ^ £ )t 5r ? Vj 1 i fj * ~? * /> . 
[0 0 3 8 ] fj£c7>'<v>x£f**;*i*i<:, ft>t 
f-^:»li:J -Hro^^il, 4 0 0- 3 0 0 nm;:S]ti# 



(13) 



• 'ilnl I - 5 — I i) S 3 7 7 '• 

•o - £ 2 I 

it* ;fw : l , ;:-^J 



Ml i 4-3 2 0 4 8 6 
?V'«*! :; H - 1 9 9 1 6 2 k 

I - i 0 

t- x:l1 -4 0 0 - 5 0 0 n m^)'iSc:tfe45 



[0 0 3 9 ] L-.i'dft K-^> i^-fcftWW- K-"7 3ti 

»#JU K^ihttliWi' flfiJi«f, iETL«fti3£« Jr 
^»ifiiififg;:i/)J*K--/Lfc*.'. lEfUHihEffiii 

;t> 5 - 3 0 0 n m, 4f fe L n It 1 0 - 1 0 0 n mT'ft 

[ 0 0 4 0] Jg)fcW5</> h(lCtjE^LPaihl6/j^(t^tl 
ft, fl : ^LPRihW6rt, 56jtW/j^»S!iL-C< 5iE?L4:iS 
ft? ! - fU II "t 5 (7) 1- PS ih -t* ft i: , Fifti d * fb i£ A $ ti fc 30 



n:"] V- l 1 - 3 2 1) 7 3 4 
21 



(tli'M^ t " f r M^Uft :li-»IHLl!-.W't' , *'K-»- 

'irj\ iH+l'5ra-vnO;:% a :WiS;:!V!i: ' V)^ 

;i'^,7, %;tW>M + > ft^'"r> v l >' 0. 2 V 

n h V > ^ Y + > r > > -v c dft i: if*' : 'i ^ h 

ft il ^'Lttii W im ): * *? I- -c **l 

fi * - h :i ■ b , :E*LPfi± W It iHa r '.i£ r r <c 'ri ^ ! :. IV! 

') 't it- -r: i.SS ^1 "t* jE -f L!S x W H f : f L ' 7 ; "t , UK- 

[ 0 0 4 I ] 



['LI 0] 



[0 0 4 2 ] 




(in) 



lit*, R ftt^LR It, fi-vJfiiL 
, ^aV>f^-t- N T.'U-4r/UE, T^'W^^ 

S * f J L -7 1> T b i ff &mfc ft** K X 1 1 S: 

XftGaf i-^^L, Lli£JLTI->r^ -Kit (Ilia) , 

CI lib) Xit (IIIc) ^^-fn^^Jfti:^* 
[0 0 4 3] 
[ft I l ] 



Ar 9 



-OAr 7 (|||a) -O-C-Ar* (1Mb) -C^2~Ar 10 (II Ic) 

Ar 11 



[ 0 0 4 4] isW, Z,iS i , G e Zl±S nJH^tl il-MT^ tfcxK. (IV) -C^bSil5 ."l** .feWiftf*:, 
r-V/<i>U Ar" X.'iA r " ft, fr>5r fflit L [ 0 0 4 5 ] 




M-O-M 




(IV) 



[ 0 0 4 6 ] f A I 1 , K rc L m. K It , * ffi >/. 2 

C 'U .Mc. 7" v /U - 



« *r <i" 2 T ^"C t r t t * r; ft ft 4c* tf a rt « r 



[ 0 0 4 7 ] 

[ Li :i] 

-V- (V) 

I 

[o o 4 s] r; f ■; -tf^t «Y- + V Ml 

[ o o 1 'J ] 

[;£ 1 4 ] 

Ar^ 3 Ar 15 

C-CH-Ar 12 -CH=C / (VI) 
Ar 14 Ar* 6 

[0 0 5 0 ] <x^K Ar' ii, fr*iRtfctt£frLTi* 

Z&hl, Ar"/CPLAr' h ,t #*aSL-r, ft* 
KM KSr ft L T i^: *> J: i \ )7 S&.Kfbfc* S*rt X/ § 

L 'C , f x t 2 - y /- 'l,-8-*/!J/7M ( "7 .x / 
7H 7^;^ 0 ly , f X ( 2 - y fvU- 8 - * / y / 
7 h (t'H-H'V"7 h) T 'U- ^ £ t\X ( 2 — 

/ -fvu — 8 - * / V / y b) {* 9-*\sVy b) T.'U 

l~-$J*, fx (2-/f^-8-^/ l i/7F) {'I 
y - 9 i/Vy b) ?'^;r^A, fx (2 — 

- * /'J / V h ) ( -t 'U h - X x ^/U "7 :l: J y \> ) ~? fV 

i - ry % f ^ (2-/-H-8-^;']y7M ( / 

9 -y x. r. /LVx/ v b ) 7^;-9A, f X ( 2 ~ y 
-f-^~ 8 > ] ) / V h) (^7-7i::^7x / V 

h) T^ir-^A, fx ( 2 - y ^fvU- 8 / !i y v 
M (2, 3~>Vf-i7x/7lO T^^^^i^ f 
X (2->f'l'-8-^/ l i/7H ( 2 , 6 - > V 
»I/7.t/7M r.'l/;r.>); s fx (2-^-f'U-8- 
y "J/vFi ( 3 , 4-yy-^^7x / 7M T /U S 
-£2^ fx ( 2 - 8 y / y b) 13. 
5-->Vf^7x/7M 7^;^«?i, fx (2-> 
- 8 - * 7 J f y b ) i 3 , 5 - v- t e r t - V 
-f.^v. x /v! v i r'U^-r^^ % tfx 12-^-^.^-8 

- * / V / ^ S ; 2 , 6 - > "7 x 'U -/ .t f =7 b ) T 
>l f x i 2 - /> -r.'l- - 8 - =*■ / l' / 7H 

I 2 , 4 . tt - !• J V z.-'17i/7H 7' 'U ~- r "7 

s f x i 2 - A -f- ■'i - 8 - =Y- y y / y b) i 2 , 4 , 

6 - h V X -/- 'U X .:: /' y S ) " ' ^ ^ ^ , f x ( 2 - 

/ f- ;l - 8 - \ / V / v ^ ) (2,3,6- - ( J 7 'l 

"V x / v ^ 'I i - ^7 Js % f X ( 2 - y 'U - 8 - 

y / v S ) '2. 3 , 5 , 6 - =r b y / Hi / v 

h ) ?' C ; ' s (; X i2-/f^-8- : WJ / v 

h) i i — ')' y b ~ f b \ i-'ii-yzs^ fx 

*\, - 8 - -V 1« i r 2 - 7 b -/ h ^ 7' 'U y 



11) i - 1 1-3207 3 4 

-6 

i> , fx i 2 — y - 8 - * / ; v b i - " ""• "i 

^■^7/7^! r ^ z- 7 , fx 2 - y ■ u 'i - s 

- ^ / U / k j iF'J^x - 'i v 'i -/ y ■> h : r 'i. ^ 
^ 2, , fx ( 2 - y 7 11 ^ - 8 - ^ ' >j y r - f h 'J 

7; ( 4 ( 4 ( — f ' ' 'L- ^ > v y ^ S i 7' -t' ; :r. ^ 
, f x i 2 , 4 - > ' y ^ . v - 8 - -\- / V 7 v N i "t 

^ i. ._. y x ^_ /U - 7 ^ / ^ JO T 'U ; = ^7 2> , f X i 2 , 
4 - v y - 8 - : J ^ 7 S ' l/>7 - V i :- 'I V 
j/vM ''-t;--')^, fx (2, 4->y- f -'i--8 

io - * y y y y b) { / y - x ^ - v x y y m ^-/i ? 
^C 7 -, fx (2, 4 -> y ^'u- 8 y y -v h) 

( 3 , 5 ~ y ^/'^ X x/7M 7i;r-^A ( f x 

' 2 , 4-->'^^-8-*y'jy x r > 3 , 5 - v 

- t e r t -^H7i y v h) fx 
'2- / ^/U- 4 -^c^/U- 8-^-/'J/7 h) 

-H"/7M T ^ n ^ X, , f'X ( 2 — y 'U — 4 - 
y h*v-8-*/!i /7 h ) (^7-7ir-;|/7 :r. 7 

x h) 7'/^^^ r y2^. fx (2->f^-5-yr/~ 
8 - y y y x b) it^F-ny^H r ^ - r> 

20 fx (2-^f^-6-F'j7/L'tti^fi-8- 

* / Li ,/ y b ) !2-t*n7h) 7^;r^A, f X 

(2-^f^-8-^/y/7H (7x/7n # y 

fx (2-^ y y x h) it/L4 

H >vy^A, fx (2-y-f/u-8-^y 

yyxh) (A7-7xr./l7x/7l>) //''J7^ N f 

x (2 - y -f/u- 8 j y y y h) fi-tvhv 
h) ^y*?-^, fx ( 2 - y -f-.'U- 8 -Jfy y y y h) 
(2-t7f>7f>) ^fy^A, fx (2-y-^/u-8- 
t/y/7h) (MJ7x^y7;-;io # y i> , 

30 fx (2~yf^-8-^y'J/7M ( f n (4, 
4-t"7x^/H '/7/7H #y «>A^^^(f bia 
5. L<fi, f x 8 - y / 

y b) (2-i-y by b) T^i^V^^ fx (2-y 
-f 8 — y y /7 F) ( h ! J 7- x ^ ■> y y y h ) 

[ 0 0 5 1] gij£-JKit (IV) "C-^^Sn^ ..-tSfeKfit 
fti^TU^PJ r Lt, fx ( 2-y-f 'i-8 --^y y b) 
r ;i> -y-^r- y - f x - i. 2 - y -J- 8 - 

y y / y h ) 7' f X I 2 , 4 - > J 'V 

io - s - * y v / => b ) r 'V i =. r> - u - f * y - f x 

- ( 2 , 4 - >' y yf'U- 8 - y 'J / v h ) 7 ^ ^ ^ ^ 

fx ( 4 -u- 2 - y 8 y y / y 

S) 7^;nr)/,-y-t^y-t"X- l 4-^'f/L- 

2 - y - 8 - / y y y u > */ p ^ ^ , f x 
i 2 - y -t-.-i - 4 - y h ^- *> ^ y y y y io y ^ ; r. r> 

7x - ^ - rt ^- V - f X - , 2 - X 'I - 4 - y b *r v 

y y y b) r 'V i -.y ju, \i x { 5 - > 7' y - 2 - < 
^ ^ - 8 - A- / y / v m r -u ^ n -y 2s - tx - +=v v - 

x - ( 5 - •> 7' y - 2 - t -F >'» - 8 - -V ; / v 10 
rn) ^ ^ .r_ ry s t' x ( 5 - '/ n n - 2 - > ^ 'V ~ 8 - -V 



U.'O n'"|v- 1 1 - A 2 «) 7 3 4 




[ 0 0 5 3 ] iWrfi «A iVI) T fcii i fi o xf'J /i,. ffc 

[ 0 0 5 4 ] 10 

[ft: i 6] 



1 1 - 3 2 9 7 3 4 



C-CH- 



\ //X // 



CH=C 



H.C 





;c - ch "OX^ ch==c ^ 



H 3 C 




Q P 






30 



[ 0 0 5 5 ] iI->lRiiI:W 6 ^mmt. 0. 3-1 

0 0 n m , if $ L < ii 0 . 5-3 0n m F.ifLS. 

h o tt* i i £ntti: IT, E+LPftihW6 irl^fS 

tti£W7rt. ;tt ft £ r{r dfj Rfjicfc v^cpm^b 

it A .5 * l \L r 1- 3; . t \ iH i L ?a li: W 6 <n £ l»] i : i« "t 

;i H* 8 - : i rj t * n o c ; £ c a % * h + * iB fi a h 

7 l^H^i^E fc^Sftftttl: ITit, !2*8,Vo 

[0 0 5 6] .v Vt^S^tfjft: LTi't 8 

< ttWIHH 5 9 - 1 9 4 3 9 3 Si) , 10-^ ^ r: * 

> - <>' v . h ; -V- ' > >.M>fe«tR{^ 1' 6-322 SO 



Mb) 

2 1 H 7 9 1 y-^M) . > x -f- "J i v x :- 'I „* 
l?.*|«IT-3 - 2 3 1 9 7 0 vj-V;ft) , >u--L u f£-fl(t 
^l['Hi-t' : 9-S 7 6 1 6 y-^HiJ , :*\U-t3-L 
> v ;K> !>'4fStt 1 A p p 1 . Phys. Let 
t . , 7 1 S. 3 3 3 8 fi, 1 9 9 7 . ><> 
f-V-'* fcKfiJf* («f«H-6-3 3 6 5 8 6 >jl:W) , 
K>v^v./„ ; , :^'^'U9 - 2 7 9 1 3-1 '/ 

, N l 1 x-<> v;y ? -/y ij c-<>i;> Cf- : iJ^«t. 
10 SB 5 , 6 4 5, 9 4 8 ^i'tftf) , ^ i; > '^..Yft 

(**RPF6 - 2 0 7 1 6 9 S-iifft) , ■7^" + -> h n ij > 
i«fBH-T-5 — 3 3 1 4 5 9 y-^») , 2 - t - -/ 
10-N, N' -y^/T> v^-y > > 
(Phys. Stat. Sol. (a), 142 
4 8 9 ^1, 1 9 9 4?) , n^MitmidXmt^ 

a S-t-lwiS-W 7 ^WPjCtt, ii'.fT, 5 - 2 0 0 n m N 4? 
JKltl 0-1 00 nmthZ. 
[0 0 5 7 ] im_8 rt, M j-ttii-B 7 [CVti f Srit h'i- *> 

t£ 2 ; - « ffl s n 6 wn t ih i ^ i i //^ »nm -e .*> 7 j -a 

* ooffift » Bf] tt-£> £ ffitti /j^ * tf «b *i 5 , , 
[0 0 5 8 ] Bt«t«**lXrt«-f«li3S-il^ffifi 
Ivl L i F , Li. O a J?<7)T/U* »J ^MUt^-^T 'W* U 
t^/M^^yftttllt/^ffiiWR (0. l-5nm) *r^A 

(A p p 1 . Phys. Lett., 70^, 152 
H, 1 9 9 7?; IEEE Trans. E 1 c c t r 
on. Devices, 44^, 1 2 4 5 fi, 1997 
? ; 9 - 8 6 6 6 2 y-HJlffltf) , PSffi 8 ^IWt 

BMS2i:Mtt^1b5, fift*Mtt^ r 4^^ji*'oe 
ffii-IXil^oU^-?, ^^h t :Eii, ft*flHt5[;iM«< A: 

[0059] f^j, mi triSi^Hiig. ua*>, «ri-.:iis 

< r t -,V^^»Rtt>-)-0i^ -tt^ttW^q;:^^si;i^ fr 

2 >i CKI-V] 3 i 1 ^ L iij ,il ft W ^ ^ r it ^ ^» » i£ i C fi'i W i" 
o:i t»ftiE"C.^o ^^W^-ffttvtEW*.*.^ ri^ til 



c i t j *V"K i i - :i 2 9 ; :m 

:.u :v 

■l 9 ;;vj[V M V f >»«.-/, - u,: J; .i ■ > .'L- J ; v-/<.j;^ f-'WV * '4:-t 1 . S X 1 0 ' To r r -j 2 . 3 > 1 0~' P n i 



[OOHD] 

W; l 

V / r v > ■ £ i > -V f j r: (4 , fff-I * ft fR i* ; : ^ ,'ff L 
t, KK; 4 k<T(-£ 2 < i o _< to r rUFi:/^ t 
-: t \\\ E ift * > y -V tfi i * ■ : w v, l - p; ■ r< ft i>tt u - 

3 ) v ^ •/ ? WiJ.'C >Jl , Wtft^WIW^ '> > y / >l ft; 

*- 6 



^j^^-r^^. ' ^^IC.At-rt/^ 1> [Wr> > -v 'I- 
2f.flJF.liK (ft) *^«*M*'.ti r .VFrKfit 'AC- I ) * 

; ^^Sr«7>v 3 5 0 nm< T^^Lr 

- r:i tSkvv^ Mi 4 6 5 nm';, iVlii ')iiC .v? 
.too*: fef- % *j<jMfcfrtJ-ft K,A!>;:-n-c, -t i n 
-vG rfh^D s c - 2 o t ^ *>S'/>rr,ri' Lfi-iz 

[006 1 ] 
[*6] 





CeV] 


[nm] 


Tg [r] 


1-3 


5.06 


465 


93 


1-5 


5.08 


445 


88 


1-10 


5.00 


450 


146 


I-27 


5.09 


470 


142 


I-28 


5.05 


480 


120 



[0 0 6 2] # %f*J 2 

£-fLttiS*^Wt : fi: LTft, py^ffcfrtt (1-3) Mtt 
'U) -N-7xr.i7;/] tr-7.x — '1/ (H-l) 

[ 0 0 6 3] 

[{fcj 7 1 

>CK> 

03 x 



30 [0 0 6 5] 
[ft 1 8] 

.CH 3 





;ai-o- 





(HB-1) 



(H-1) 



[ 0 0 6 4] L^;t*>*f*i 1 iM^i^M LT^ff^^d- 
5 . 2 5 o V r.i$*c j; Lf- 

T . KiSJ- L: x ( 2 - /* -T- 'i - 8 - A- / ] ) / v h ) 
( !^ 'J v .x /u > v / v !- - r ifift: i H B — 



[0 0 6 6 ] * ^iWWittf^) f t>» : '"' 
i'Lfc^fi, 5.51c V-?,fc'>i.. 
10 :t-S!ipiJ 1 

• I TO) S*P/]-flvE?(r5r 1 2 0 nmJf Wi/:^') (> t 
ijE L . ^ ; / - >• ^ ^ ^ 1 T O £ , r 1: S > il 1 

^ i o t3 iTKrfc't^x'Jii-:;^,^^, -- i 

50 -fir, I^;:^St'/>^H},< ) rt'^^fi^-S^lS 



(is) 



-.tre. £^V\/'lV£V/'2 1 0 To r r '*'J2. 
7 * i o " p a j a K;:^- ; : k 7 -yvi-ffi 

I 0 0 6 7 ) iE*Jftii'vfff L 4 . 4 ' - x 

\ — I - r -f-.'l ) — N - ' ? -~ V *'* ^ / ; 7 i 

" > v oftj t - *---? f ;;]>?i L '7* fi'^-f/ofc " ;;a$oo 

fi'iiY'- t-V?: Ait 1 - 1 -< 1 0 ' Tor r <$'j 1 . 5 X 1 
0 " Pa) ~7\ K fij£f£ 0 . 3 n m/tyXWj- 6 0 n m 

il-lO) Hffii L-C, Fii;i»iS^S:^-t 

'^7l/> (D-l) £ K-7'ift)t&* ^ LT, ::>cMBS 

t 4 , JiEiEAfliSfcU^ hicasffSrfrot. 
1 0 0 6 8 ] 



[ft 1 9] 




(D-1) 



(0 0 6 9] ~ ^oOf?ij>f<{^#) ( I — 1 0) oOltttSifi 
'£(1:3 2 0-33 O°C0Oi51ffl-C\ /uyi^>uOifll*iliatt 

2 0 ov-cMWLf-. ; £ WmV£/£fi 1 - 1 x 1 o" 

Tor r (jft 1 . 5 X 1 0 ' P a ) T\ * X hff^<7V& 
fiifi/SO. 2nm/fK\ IfV-(:t3 0 nmT'^ot 1 
' »$ , ft M ^ l \W 1 5 n m <n fiQJg T' , ^ ^ U' > itfifl ^ > 
-r -/ ?£ffl(t-f(C Lti^m&t U fVf^ 1 5 n 

mi/)fWc1t^7'uy;-5^^ l-Wt4i'^LT0. 4ff 
°o y tc 3 t ic L fc v Mi iF.JLiaihtol 6 <n*m t L 
T , £ x ( 2 - ^ -fvu- 8 - * / U / 7H ( h l J 7 ^ 
^'^/7/7M T/U^-^Ajgft: (HB-1) *rkp£ 

^ ;t W 5 00 h i : [m] fj;:i ,% $ * U^ti, icoB$ooJit#i 
^i&Ai* 18 0-19 or:'r*EiL^T f %jffilL t, ;«ff*$tO 
rt'M.'JlrtH. 0 x 1 0" T o r r 1 . 1 x 1 o" P 
a ) :\ % ?oM& 0 . 5 n m/'*>'7\ (W.V.'i 2 0 n m~? 



I -. ,/d it 4 L Pfl ih W 6 hi - Mbtl- L "7 & ft £ f ; ; 
[ 0 0 7 0 ] 
['-2 0] 



1 ) 



10 



20 



30 



10 




1 1 



3 2 9 7 3 4 



(E-1) 



[ 0 0 71] - ^Hj^it^Kc'JiH'J li: 3 0 0 -310 CV) 

i5!»fi"C'ifiiiWL*i. SRHS^K-it^i-ta. o> 10" To 

r r - rJ 1 . 1 X 1 0" Pa! ;^ f". ?M% 0 . 3 r. m 
K.V-;t2 5 nm-?.^o^ i: jd^ il:>L«i^ W 4 

[ 0 0 7 2 ] 7 X x~ tiiU^fz 

-'tifflp'iirrS/S il^R^i.t ») ^a^Hlfz^MiL 
T , fi m S>t * 1 t L T 2 m m«S^ x h v ^ 

■>-V K — v ^ ^ -r, ffiffi 2(7)ITOxF7r^ iliK^ 

iRLTh-»«ili«ltt(iLTKRrt(nR'S*^2 x 1 0^ 
T o r r 2 . 7X10"' Pa) H FlC/jTfj 
L fc 6 Kt« 5t'f , 7 ^ f ^ t> ■> ^ A (M g 

F. ) 'J -/7-'>#- hSrffll^T, «»if/t0. 0 4 
n m/ft\ K^S 5 . 0 X 1 0" T o r r f**j 6 . 7 X 
10" Pa) X\ 0. 5nm(OKi¥t i, ai-(lHi$Ji7c/?L-. 
I^fi£«5 L t„ , 7/K^ r ) ^ SrMfiKc* 'J y'x >' ^' 

1 . 2 X 1 0 ' T o r r 1 . 6 X 1 0 P a ) "CJS 

h^lfl^-CAPftLT, ,l*ii/S0. 4nm/fi\ 
R^JS 1 . 2X10" Tor r (#J 1 . 6x10" P 
a ) 4 0 n m <7:>iHJji $r JKf* L "7 ^ W 8 $r Sift J "tt 

t, aii^Z^^^ffiS^^ff^c;)^^^.*^!*^!:^ 

[ 0 0 7 3] a_h^i!:lt, 2 mm X 2 mm^f*-f "X 

z 0 ) M t J j % )t f * 14 ^ - 7 ; : >j H - , £ - 7 ; : * j ^ -c , 

«jtW!|;i2 5 0mA/cm ; JrtLtt& 'A. *5t 

a-Piii 0 0 c d/m -?cfu «-: : t/itii;twt-ve 

ySSi 5 .S?Stt^ffl*4:, lOOcd / m -c^lg^ 

& * ^-f c i e ( j i s z s 7 0 1 ) r 

h r r|;iw ^n-f , feitWJfli^S , 

[ 0 0 7 4 ] 
U7] 



m-7 







[cd/m 2 ] 
@ 250m A/cm 2 


@100 cd/m 2 




[V] 
@100 cd/m 2 


CIE 




*#» 


Tcd/A] 


X 


V 




(1-10) 


9955 


2.88 


7.3 


8 


0.358 


0.408 




(1-27) 


8480 


1.66 


4.8 


9 


0.317 


0.346 


Hfif*3 


(1-3) 


3970 


0.62 


2.6 


13 


0.267 


0.287 




(1-10) 


3820 


0.81 


2.6 


10 


0.176 


0.195 




(1-27) 


6890 


1.69 


4.3 


8 


0.202 


0.301 




(1-3) 


6420 


1.34 


3.8 


9 


0.220 


0.359 


1 


(1-27) 


6590 


1.51 


2.4 - 


5 


0.412 


0.514 




0-3) 


2330 


0.26 


1.0 


12 


0.336 


0.402 


it««3 


(HB-1) 


1290 


0.38 


1.5 


13 


0.345 


0.354 



[ 0 0 7 5 J 'JSftffll 2 

Vkmt L-CW^ft&tt (1-27) 

[0 0 7 6 ] 

Hfc2 1 ] 




(D-2) 



o 



Sffhi: L-rW-^fti>tt (1-3) J: 
^ 'r L T »; ✓ > r , £ iMl ± W WKo IS/*-/ 1 5 n m </> f# 

« : : *s : 1 5 K - v & £ & -£ *■ n r ^ i£ A. ; : <r< i" r if 



>^/f-^Jr^>7->^^f^ I'D- 3) t Lfcltt'MW 
1 tHaiCLTlf^RLt., 
[ 0 0 7 8 ] 
[ft 2 2] 



30 




(D-3) 



[0 0 7 9] *^-«o«jtntt*rl£- 7 

£ ft )t * ^ ? h <r iffJ & L , 't E6 £ 5r * * , J - 

& $££-8;r/iH-, fe I? i£ ® jjfi it H F £ ft -t- i> 

.tb o . 
10 [0 0 8 0 ] 

Uis] 



r. '<■■' ■ 1 1-32;) r :i 4 



fl-8 



[V] 






X 


V 


8 


109 


0.363 


0.412 


10 


720 


0.358 


0.408 


14 


9955 


0.345 


0.393 



[o 08 ll £*M4 

fc"tWWW;-^^'i:i>ft (I- 10^ , '1-2 7) & 
iI-3) *r^H\ *)tW;i L .^Wt!l!i-£%$»] 

[0 0 8 2 1 itttffl I 

J : .fl.Hiih U 4-rtlit-'t", € r Ifitetf ^WV-* 45nmiL 20 

Iff ffr 3 » b ^ ft )t K— V" fe * /-J ; flu i>-> Ti S & £ « * s * K 
it-BcM 2 

3) fcL*C, t-«^6 0nmhU K-^fe*iL 
feW 1 t MlRi- LTjflf -F-4rft : K L z<r>M+<n%ft¥f 30 

[0 0 8 3] kt&M 3 

f V KWfl-i: L-T hi j£itCtty) iHB-1) £ 

i}H\ t-A^/r>- (D-2) *rfr 

*l. 0, 0. 4tSft?o K-'/L, J.-I -r LFIi il: « % 1 1 
iE r*ftl*W b IT 4 5 n mvO iE-lJ r "fll^ffirt* 
VVfvji !:|Hia;:L-:*f-«:frtlL^ l^£tv)^;t# 

i 10 
[0084J 



ft H 58 >t vt -f-uTi f-j (" ;«t;!i>j4'fj£"? J , 

r Y * 7 1/^ i :*'] ilt'OA^Vfa- '/ f|] t v- ^ 

[ft] i 1 7 co-ffl|^j;- L tWrtWrtiPl 

[ tg 2 ] tffifcvEfl 56 KM r^W^m % ^ L fcSS^Wr* 
ftl 

[ft] 3 ] ^r»'.fi»«3tJ5-f L ^9J^O!l*^ LfcHS^WriH 
ft].. 

[ft] 5 1 l cn#«4»«** fejt x-: ^ 

[ft] 6 ] «!6ffiJ 2 .;)frfita;»«)t* ■]'- ^coftfcx^* 
[ft! 7] -Ji«ffji -3;cffli^^^x h&t/K-yfe*^ 

i 

2 pet* 

3 P5tS ;< y7rM 

7 iKf-HriSW 

8 GG(* 



